Background: A large body of evidence supports the need for reducing the cardiovascular burden of diabetes. Only indirect and occasional data describe the adequacy of routine management of hypertension in patients with diabetes. The aim of this study was to explore the interplay of some potential key determinants of quality of antihypertensive care, including the settings, physicians' beliefs about blood pressure (BP) control, and patientrelated factors.
D
URING THE PAST several years, compelling evidence from recent clinical trials 1, 2 has increasingly underlined the fact that 2 important variables in medicine and health care, cardiovascular risk and diabetes mellitus, cannot be separated in strategies aimed at reducing the cardiovascular burden of disease. Only indirect and occasional data describe whether patients and populations with both clinical conditions undergo adequate treatment during routine health care. In particular, appropriate care for patients with type 2 diabetes requires a multidisciplinary and patient-tailored approach, which is not readily available. Despite the proliferation of several guidelines, [3] [4] [5] independent reports document that even the best known and most traditional risk condition, essential hypertension, is inadequately managed. [6] [7] [8] The QuED Project is a nationwide initiative aimed at assessing the relationship between the quality of health care delivered to patients with type 2 diabetes and their outcomes. [9] [10] [11] The context of this project provided the opportunity to address the issue of the quality of health care of diabetic patients with hypertension. In particular, we explored the interplay of some of the potential key determinants of quality of care, including the contexts and providers of care (general practitioners [GPs] and physicians in diabetes outpatient clinics [DOCs] ), the subjective beliefs of physicians about blood pressure (BP) control, and patient-related factors.
METHODS
The study design has already been described in detail elsewhere.
willingness to participate in the project. Overall, 212 diabetologists practicing in 125 DOCs and 106 GPs participated in the study.
All patients with type 2 diabetes mellitus were considered eligible for the project, irrespective of age, diabetes duration, or treatment. In the DOCs, patients were sampled by means of random lists, stratified by patient age (Ͻ65 or Ն65 years). Each center was asked to recruit at least 30 patients, whereas GPs enrolled only those patients for whom they were primarily responsible for diabetes care.
General medical history and diabetes-specific data were collected at 6-month intervals by the patients' physicians using forms specifically developed for the project by the scientific committee.
Patients were asked to fill in a questionnaire investigating different aspects of diabetes management and health care resource utilization. For this analysis, we asked the number of times each patient had seen the physician responsible for their diabetes care in the past 6 months. This information was available for 1330 patients (response rate, 75%).
Patients were defined as having hypertension according to the physicians' judgment. Patterns of care at study entry (March 1 through October 31, 1998) were compared with those at the 1-year follow-up. The analyses focused on antihypertensive treatment (ie, the type and number of drugs) and the outcome in terms of BP control.
QUESTIONNAIRE
The physicians' survey was conducted in 1999 by means of a questionnaire that included the following questions: "For the average type 2 diabetic patient, which are the threshold values for the initiation of antihypertensive treatment?" and "For the average type 2 diabetic patient with hypertension, what do you use as target diastolic and systolic BP levels?" We did not define the average patient, because the physicians' opinions are influenced by the real patients they see in their practice and can therefore vary according to patient case-mix.
We also collected information on the sociodemographic characteristics of the physicians (age, sex, and specialty). The questionnaire was sent by mail to all the physicians participating in the project. Two additional recall mailings were sent to initial nonrespondents.
SETTING
All Italian citizens are covered by government health insurance and are registered with a GP. An average of 1000 patients (range, 500-1500) are registered with each GP, of whom 15 to 45 are expected to have diabetes. Primary care for diabetes mellitus is provided by GPs and DOCs. The DOCs are usually staffed by diabetologists, internists, and/or endocrinologists; other specialists (eg, ophthalmologists, cardiologists) may also practice part-time in the structure. In some DOCs, patients are always treated by the same physician, whereas in other centers, patients can be seen by different physicians on different occasions. Patients can choose one of the 2 ways of access to the health care system according to their preferences or can be referred to DOCs by their GP.
STATISTICAL ANALYSIS
The results are expressed as absolute differences (unless otherwise indicated, given as mean±SD) and percentages of difference between the 1-year follow-up and study entry. We compared the findings by the 2 test (for categorical variables) or the paired t test (for continuous measurements).
To account for the multilevel nature of the data (patients clustered within physician or practice) and to control simultaneously for the possible confounding effects of the different variables, we used multilevel logistic regression models (ie, random intercept models) 12, 13 to investigate correlates of BP values of 160/90 mm Hg or greater. These models allow us to take into account the separated contribution to the total variance given by patient-and physician-related characteristics, thus minimizing the risk for false-positive results. We used the deviance test with a 2 distribution to assess whether the proportion of variance at the physicians' level significantly differed from 0, ie, whether the multilevel structure of the data needed to be taken into account. The setting of care and physician characteristics were considered level 2 variables, whereas level 1 variables consisted of all patient characteristics. In particular, we considered the following patient characteristics (for categorical variables, the first class represents the reference category): age (tested as a continuous variable), sex (male vs female), duration of diabetes (Յ10, 11-20, or Ͼ20 years) , duration of hypertension (Ͻ5, 5-9, or Ն10 years), number of diabetes complications (none, 1, 2, 3, or more), body mass index (BMI, calculated as weight in kilograms divided by the square of height in meters) (men, Ͻ25, 25-27, or Ͼ27; women, Ͻ24, 24-26, or Ͼ26) , diabetes treatment (diet only, oral agents, or insulin with or without oral agents), cardiac-cerebrovascular disease (yes vs no), number of antihypertensive drugs (1, 2, 3, or more) , and number of visits in the previous 6 months (Ͼ3 vs Յ3).
Level 2 variables tested included physician age and sex, physician specialty (diabetologist, endocrinologist, or other or no further training), health care setting (DOC vs general practice), and diabetes care modalities (single vs multiple physicians).
To investigate the role of physicians' beliefs, we ran a separate multilevel model including only patients treated by those physicians who filled in the questionnaire. Declared target values of systolic and diastolic BP were included in this model as level 2 covariates and tested as continuous variables.
The values for all the covariates refer to the information collected at baseline.
RESULTS

PHYSICIAN BELIEFS
Of the 318 physicians, 182 (57%) returned the questionnaire investigating their beliefs about BP control. The response rate was 61% (65 physicians) for GPs and 55% (117 physicians) for DOC physicians. Sixty-seven percent of the respondents were male; the median age was 45 years (range, 28-70 years). In the DOCs, 29% of the physicians were diabetologists; 23%, internists; 31%, endocrinologists; and 8%, other specialists. The remaining 9% had no specialty. Among GPs, 8% had some further training in diabetology; 11%, in internal medicine; 6%, in endocrinology; 45%, in other specialties; and 30%, no further training. Sex, age, and specialty of responders did not differ from those of nonresponders.
Only a few physicians ( geted diastolic BP values of less than 85 mm Hg and systolic values ranging from 130 to 150 mm Hg; and 33% targeted a BP of 150/85 mm Hg or greater. In particular, the proportion of physicians who pursued strict BP control (ie, BP values Ͻ130/85 mm Hg) was 16% among GPs and 14% among DOC physicians ( 2 2 = 4.55; P =.10). No statistically significant differences in beliefs emerged by physician characteristics (age, sex, specialty, and setting of care).
PATTERNS OF CARE
Of 3449 patients enrolled, 1782 (52%) were considered to have hypertension, of whom 1103 (62%) had the information from the 1-year follow-up. The characteristics of hypertensive patients at study entry are reported in Table 1 .
Mean systolic BP values were 150.0 ± 18.4 mm Hg at baseline and 149.5±18.5 mm Hg at 12 months (P=.30), whereas mean diastolic values were 84.3 ± 9.0 mm Hg at baseline and 83.7 ± 8.8 mm Hg at 12 months (P=.05).
At study entry, only 6% of the patients had BP values of less than 130/85 mm Hg; 42%, of less than 160/90 mm Hg; and 52%, of 160/90 mm Hg or greater. The percentage of patients with BP values of 160/90 mm Hg or greater was higher among those attending DOCs compared with those treated by GPs (54% vs 45%; P =.02). At the 1-year follow-up, the proportion of patients with values of less than 130/85 mm Hg increased to 7%; those with values of less than 160/90 reached 45%; and those with higher values decreased to 48%. Changes in BP values did not differ according to the setting of care.
Among patients with mean BP values of less than 130/85 mm Hg at baseline, mean systolic and diastolic values were significantly higher after 1 year (from 119±5/ 76±5 to 136±20/82 ± 9 mm Hg; PϽ.001 for systolic and diastolic BP). To a lesser extent, mean values also increased in those patients with mean BP values in the range of 130/85 to 160/90 mm Hg at baseline (from 141 ± 8/ 79±5 to 146±16/82 ± 8 mm Hg; PϽ.001 for systolic and diastolic BP). On the other hand, systolic and diastolic values were significantly lower after 1 year in those patients with mean BP values of 160/90 mm Hg or greater at baseline (from 161±17/90±8 to 154±19/86±9 mm Hg; PϽ.001 for systolic and diastolic BP).
As for the number of antihypertensive agents used, 50% of patients were treated with 1 drug at study entry, and that proportion decreased to 45% at 1 year (P=.001). However, 12% of subjects were treated with more than 2 drugs at study entry, and at 1-year follow-up the percentage increased to 16% (P = .001), with a relative increase of 30%.
In those patients treated with fewer than 3 drugs at baseline and with 3 or more drugs after 1 year (n=71), mean diastolic BP significantly decreased from 87 ± 11 mm Hg to 83±11 mm Hg (P= .001), whereas mean systolic BP was only marginally reduced (from 156±22 mm Hg at baseline to 154±24 mm Hg after 12 months; P=.40).
In addition, the proportion of hypertensive patients not treated was 7% at study entry and 1-year followup, whereas those treated with 2 drugs were 31% and 33%, respectively. Among patients left untreated, only 7% had blood pressure levels of less than 130/85 mm Hg, whereas 54% had values of 160/90 mm Hg or greater.
When looking at the antihypertensive drugs used, only small absolute changes were found between baseline and 1-year follow-up. The percentages of patients treated with the different drug classes at baseline and at 1 year were 19% vs 20% for diuretics, 10% vs 13% for ␤-blockers, 39% vs 39% for calcium channel blockers, 46% vs 47% for angiontensin-converting enzyme inhibitors (ACEIs), 9% vs 10% for a combination of ACEIs and diuretics in fixed doses, 4% vs 5% for angiotensin receptor blockers, and 4% vs 5% for ␣-blockers. Relative changes in the use of the different drugs in the whole population are shown in Figure 1 , which demonstrates that the increase in their use is particularly evident for ␣-blockers, ␤-blockers, and combined ACEIs and diuretics in fixed doses. The analysis according to the setting of care shows different patterns among the patients treated by GPs and those who attended DOCs (Figure 2) .
Among patients treated with only 1 drug at baseline, the most frequently used drugs were ACEIs (51%), followed by calcium channel blockers (28%) and diuretics (8%). Even among elderly patients (age Ͼ65 years) with isolated systolic hypertension (systolic BP Ն140 mm Hg and diastolic BP Ͻ90 mm Hg) who were treated with 1 drug, only 9% (13 of 146) received a diuretic (28% were treated with a calcium channel blocker and 51% with an ACEI). In those patients taking 2 antihypertensive drugs, the associations more frequently found were 32% for ACEIs and calcium channel blockers, 31% for ACEIs and diuretics, and 9% for calcium channel blockers and diuretics. In patients treated with more than 2 drugs, the most frequent combination was ACEIs, calcium channel blockers, and diuretics (48.4%).
CORRELATES OF BP LEVELS
Of 1782 hypertensive patients, 1748 (98%) were included in a series of multilevel analyses; 34 patients were excluded due to missing values in 1 or more of the covariates investigated. In all of the models tested, a significant amount of the total variation was due to the physician specialty level ( Table 2) .
In model 1, only clinical variables were included. Of all patient-related characteristics, only BMI was associated with a significant increase in the risk for having BP values of 160/90 mm Hg or greater, whereas patients with cardiac-cerebrovascular disease showed a lower risk for inadequate BP control ( Table 2 ).
The frequency of encounters with the physician responsible for diabetes care was then included (model 2). Those patients seen more than 3 times in the previous 6 months showed a substantial reduction in the risk for high BP values compared with those seen less frequently (odds ratio [OR] , 0.46; 95% confidence interval [CI], 0.32-0.66) ( Table 2) . We also tested whether always seeing the same physician within the DOCs affected the risk for having inadequate BP values, but this variable was not independently associated with the outcome of interest.
In model 3, restricted to those patients always seen by the same physician, all level 2 variables were tested with clinical variables. This analysis showed that patients attending the DOCs had a more than 2-fold increased risk for inadequate BP control, compared with those treated by GPs ( Table 2 ). Irrespective of the health care setting, the risk for poor BP control was 2 times higher for patients treated by male physicians compared with female physicians. The risk was halved when the physican responsible for the diabetes care had a specialty in diabetology or endocrinology, compared with those with other specialties or no further training.
In model 4, the number of visits in the past 6 months was added. Despite the lower statistical power related to the decrease in sample size, the role of level 2 variables was confirmed, as was the lower risk conferred by more frequent encounters with the physician responsible for diabetes care (Table 2 ). In models 3 and 4, physician attitudes were not independently related to BP control.
Finally, we tested the joint effect of physician and patient sex on BP control. This analysis showed that, after adjusting for all patient-, setting-, and physicianrelated characteristics, female patients treated by male physicians had an almost 3-fold risk for having BP values of 160/90 mm Hg or greater compared with those treated by female physicians (OR, 2.86; 95% CI, 1.61-5.10). Similarly, male patients cared for by male physicians were at higher risk for inadequate BP control compared with those treated by female physicians (OR, 1.71; 95% CI, 0.95-3.09).
COMMENT
Previous studies have shown that hypertension is poorly controlled in the general population. 6, 7 Our data show that BP control is unsatisfactory in a large proportion of patients with type 2 diabetes mellitus, despite the presence of a much higher cardiovascular risk. Half of these patients showed BP readings of 160/90 mm Hg or greater, and only a few (6%) were on target (BP Ͻ130/85 mm Hg). These results are particularly important in the light of recent guidelines 14, 15 setting more stringent targets for patients with diabetes and document the gap between the desired and actual outcomes.
Furthermore, although the United Kingdom Prospective Diabetes Study has shown that one third of the patients needed more than 2 antihypertensive agents to control BP adequately, 1 only 12% in our sample were treated with 3 or more drugs at study entry. Our 1-year follow-up data, collected after the results of the United Kingdom Prospective Diabetes Study were largely publicized, signal only minor changes in patterns of care, as the slight improvement in mean diastolic BP and the increase in the number of patients treated with more than 1 drug suggest. The improvement in BP control seems to be confined only to those patients with very high BP levels at baseline, suggesting that greater attention was paid only to patients at higher risk. No major differences in the kind of antihypertensive agents used were found, with small absolute increases in the proportion of patients treated with ␤-blockers, a combination of ACEIs and diuretics in fixed doses, angiotensin receptor blockers (mainly among GPs), and ␣-blockers (particularly in DOCs). In both settings, we observed a marked relative increase in the use of new drugs such as angiotensin receptor blockers and lastgeneration ␣-blockers, probably owing to a mix of expectations of greater benefits and aggressive marketing activities. About one third of the patients treated with only 1 antihypertensive drug were taking a calcium channel blocker, despite the ongoing debate about the safety of some calcium channel blockers, particularly (but not only) short-acting dihydropyridines such as nifedipine. 16 Despite the changes documented, BP control remains unsatisfactory in most patients with type 2 diabetes, as documented in other studies. [17] [18] [19] The analysis of correlates of poor BP control offer important information regarding the influence of setting of care and patient-related factors. Among the former, although we documented a poor adherence to hypertension treatment guidelines and the adoption of higher thresholds, physician beliefs were not independently related to BP control. On the other hand, factors other than scientific evidence can play a crucial role in determining the outcomes of care. First, the frequency of encounters with the physician responsible for diabetes care strongly influenced the risk for poor BP control. In particular, in those patients seen at least 3 times in the past 6 months, the risk for having BP values of 160/90 mm Hg or greater was 50% lower compared with those seen less frequently. These results raise particular problems for the patients treated by DOCs, since they are generally seen every 4 to 6 months, in the absence of acute problems. Even after adjusting for the frequency of visits, patients attending DOCs still showed an increased risk for poor BP control compared with those treated by GPs. Several reasons can be responsible for these findings. Conditions of patients treated by DOCs could be more complicated and thus referred to the specialized center by their GPs. Nevertheless, we included in our models a large array of possible confounders, such as duration of diabetes and hypertension, diabetes complications, and comorbidities. The setting of care still represented an independent correlate of BP control. Another possible explanation for our findings is that physicians practicing in DOCs are more focused on metabolic control and implicitly assume that GPs should be responsible for all other aspects of care. In this respect, the lack of integration of the activities between primary care physicians and specialists and the scarcity of initiatives to promote shared care can represent a real threat for patients with type 2 diabetes.
Among physician characteristics, specialty and sex were independently associated with BP control. Irrespective of the health care setting, patients treated by physicians with further training in diabetes or endocrinology showed a 40% to 50% lower probability of having BP readings of 160/90 mm Hg or greater compared with those treated by physicians with other specialties or with no further training. The apparent contradiction between the finding of an increased risk for poor BP control for patients attending DOCs and the lower risk associated with treatment by physicians with a specialty in diabetes or endocrinology can be easily explained by the substan- tial number of clinicians practicing in diabetes centers without further specific training. An additional, important finding was the higher risk for poor BP control among patients treated by male physicians. Such a risk seems particularly impressive for female patients, which is almost 3 times higher for those treated by a male physician compared with those treated by a female physician.
In our study, female physicians were slightly younger than male ones (mean age, 43±5 vs 47±6 years), but did not differ as to setting of care, specialty, beliefs about BP control, or the type and number of antihypertensive agents used. Furthermore, male patients treated by female physicians were seen more often than those treated by male physicians (mean of 3.0 vs 2.3 visits in the past 6 months), whereas no major differences emerged for female patients (mean of 2.2 and 2.3 visits for those treated by female and male physicians, respectively). Our data did not allow us to ascertain whether male physicians tended to underestimate the role of cardiovascular risk factors in women or whether other factors related to practice styles could be involved. Previous studies have shown that female physicians are more likely to engage in preventive services, 20 communicate differently 20 and spend more time with their patients, 21, 22 and have a stronger tendency to provide continuity of care. 22 In a recent study, female physicians were also shown to have more participatory visits with patients than did male physicians. 23 Nevertheless, differences in practice styles according to physician and patient sex have been mainly investigated in relation to patient satisfaction or the adoption of preventive strategies, whereas, to our knowledge, this is the first time that a sex bias relative to BP control has been documented. Further studies are thus needed to evaluate whether different practice styles can determine better compliance with medical recommendations relative to lifestyle and treatments.
Among patient-related characteristics, being overweight was strongly associated with the risk for BP values of 160/90 mm Hg or greater, as already documented in other studies. 6, 24 On the other hand, patients with cardiac-cerebrovascular disease showed a substantial reduction in the risk for inadequate BP control, suggesting that greater attention is paid to those subjects at particularly high risk for macrovascular events.
Finally, some of the potential limitations of our study need to be discussed. First, physicians were selected according to their willingness to participate in the project. They could thus represent those clinicians, particularly among GPs, who were more interested in diabetes care and, therefore, not reflect the general attitudes of Italian physicians. Furthermore, the lack of association between physician beliefs and mean BP values may be related to physicians' tendency to declare more stringent targets than those actually pursued. From this point of view, we have no information to assess how reliably the survey reflected physicians' real behaviors.
For these reasons, the problems documented in our study could be underestimated, and the true compliance with existing guidelines could be even lower. The selection of the more motivated GPs could have also led to an overestimation of the difference in the outcome considered according to the setting of care (DOCs vs general practices). We tried to minimize this problem by recruiting a large sample of physicians practicing in different areas and settings, characterized by heterogeneous structural and organizational characteristics. Furthermore, the management of hypertension was not the primary focus of the project, thus making any selection bias according to the attitudes in treating hypertension unlikely.
The second point to be considered refers to the crosssectional nature of our study, which correlated physician and setting characteristics with a single BP reading. However, the high number of structures involved, the large sample of patients undergoing evaluation, and the consistency of our findings even after adjusting for many potential confounders make the possibility of spurious associations very unlikely. Moreover, we found highly reproducible results when we also considered BP measurements at 6 and 12 months (data not shown).
CONCLUSIONS
Our study shows that in a model situation of comorbidity, the contribution of different competencies and approaches to the overall quality of care depends more on structural and organizational factors than on existing guidelines.
We found several aspects of health care delivery to be associated with better BP control, some of which are more easily available in primary care, whereas others are peculiar to DOCs. General practitioners are in a better position to ensure the continuity of care and facilitate frequent encounters, essential features for adequate control of cardiovascular risk factors. However, patients treated by physicians with specific training in diabetes or endocrinology, more often available in DOCs, had a substantial reduction in the risk for poor BP control. These data strongly support the need for integrating the activities of the 2 settings of care with the definition of evidencebased, shared-care protocols. The lack of adoption of the existing guidelines and the existence of a clear sex bias also underscore the need for the promotion of educational activities at all the levels of care to increase the awareness of the importance of cardiovascular risk factors control in type 2 diabetes.
